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FINE STRUCTURE OF PERIFOLLICULAR NERVE ENDINGS IN HUMAN HAIR* 
KEN HASHIMOTO, M.D. 
ABSTRACT 
Perifollicular nerve endings of the human lanugo hairs have been studied with the electron 
microscope. The endorgans are arranged in palisade along the periphery of the follicle and 
are composed of an axon and an enveloping Schwann sheath. Spaces between the endorgan 
are largely free from collagen and cellular elements. This arrangement of endorgans 
perpendicular to the follicle may be most efficient to detect the movement of the follicle, and 
the empty spaces between the organs permit a maximum deformation of the terminal axon. 
The axon produces a subcytomembrane dense layer at the foll icular end but is, with rare 
exceptions, separated from the external root sheath cells by the basal lamina. The endorgan 
can attach to any portion of the follicle including the cellular junctions, indicating that there 
is no speciali zation on the follicular side at the site of attachment. In fact, half-desmosomes 
and subbasal dense plaques are regularly seen on the basal surface of the fo llicular basal cell s. 
In spite of a number of detailed histologic and 
histochemical studies at the light microscope level 
(1 -3 ], t he ul trastructure of human perifollicular 
nerve endings has only recently been investigated 
by Orfanos and reported in the German li te rature 
[4, 5 ]. Yama moto has desc ribed the ultrastructure 
of the sensory innervation of mouse hair [6] . Both 
authors have found a spec iali zed endorgan com-
posed of an unmyelinated, mitochondria-rich axon 
with surrounding Schwann cell sheaths [4- 6 ]. A 
basal lamina sepa rates the axon from the basa l 
surface of the external root sheath of the hair 
follicle and there is no direct contact of the 
endorgan with either the epithelia l cells of the 
outer root sheath or with the in t raep ithelial nerve 
endings. 
The present work was undertaken as a part of a 
series of ultrastructura l studies of the sensory 
receptors of the human skin [7, 8 ]. Several inter-
esting features not previously .described were ob-
served. 
MATERIALS AND M ETHODS 
Severa l lanugo hairs of the face from two normal 
individua ls were removed with either a 4- or a 6-mm 
punch biopsy. The subseq uen t preparative methods have 
been previously descr ibed [8]. Thin sections were ob-
served in a n Hitachi HU-11C or a n Hitachi HU-12 
elect ron microscope, with accelerat ing voltages of 100 
KV or 125 K V, respect ively. 
RESU LTS 
An example of the sensory receptor cells which 
form t he perifollicular nerve endings of human 
hair is shown in Figure 1. In the following descrip-
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t ions the end of the ce lls next to the foll icle will be 
referred to as the follicula r end and the other end 
next to connective t issue will be referred to as the 
distal end . 
Electron microscopy indicates that at the level 
of the sebaceous gla nd, the outer surface of the 
externa l root sheath is surrounded by regularly 
spaced, spindle-sha ped sensory receptor cells 
(Figs. 2, 3). Most of these a re arranged radially 
FIG. 1. Light microscopic picture of the spindle end-
organs as they are seen in 1 J.L thick section cut from one 
of the plastic-embedded tissues used for this study. Fine 
ha ir-like fibers (*) radiate in palisade from the periphery 
of a follicle (H) . Empty spaces are present between these 
fibers. x 640. 
with t heir long axes perpendicula r to the ax is of 
the ha ir follicle and they terminate abruptly 5- 6 J.L 
from the folli cular end . Some organs run a fairl y 
long course para llel to the circumfe rence of the 
externa l root sheath (Fig. 4). Such circular struc-
tures are decreased in areas where the radial 
organs are most concentrated. Dense collagen 
bundles surrounded the dista l ends of t hese organs . 
In contrast, collagen fibrils a re pract ically absent 
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F1c. 2. Sensory receptors which form a pa lisade at the periphery of hair follicle cells (H) . They appear like spokes 
of a cartwheel. In each receptor a mi tochondria-ri ch axon (*) or axons (** in insert) are located in the center and 
surrounded by Schwann cells. F ibroblasts (F) and dense collagen bundles (C) are found d istal to the receptors but are 
absent in the spaces between receptors. x 6,250. Arrow indi cates Schwann cell process which invaginates into basal 
cytoplasm of a follicular cell. 
from the spaces between these receptor organs 
(Figs . 2, 3). At higher magnifications, amorphous 
material or very fine filaments are seen in 
these spaces between organs (F igs . 3, 5). Between 
the r eceptor organ and t he basal surface of the 
external root sheath, there is a distinct basa l 
la mina (Figs. 3, 5, 8) upon whi ch thin collagen 
fibrils abutted from t he dermal side (Fig. 3). 
Receptor organ. Sections of the organ through a 
p lane at right angles to the axis of the hair fo llicle 
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FIG. 3. Two receptors attached to the periphery of the hair follicle (H) wi th inte rposit ion of a basal lamina (B). T hi n collagen fibri ls (c) abut upon the basal lam ina and large collagen fibers (C) are present at the distal ends of the 
receptors. Few fibers a re seen in the spaces between receptors. Receptors are surrounded by an amorphous substance 
of irregula r thickness( *). Axons conta in a nu mber of mitochondria (M) and dense bodies (d). Schwann cells contain a 
few small mitochondria (m), numerous pinocytotic ves icles a long the cytomembrane (p) and show half-desmosome-
like densit ies (arrows). x 25,000. 
reveal a centrally located axon embedded in 
Schwann cell cytoplasm (Figs. 2, 3). Occasionally, 
t wo axons are embedded in one uni t organ (Fig. 2, 
insert). T he axons are packed with mi tochondria 
(Figs. 2, 3, 4) . Certa in dense bodies (Fig. 3) and 
microtubules or neurotubules are prominent in 
some (Fig. 4, insert) . Along the plasma membrane 
of the fo llicula r end, an ill-defined , electron-dense 
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FIG. 4. Receptor #1 is palisading from the periphery of the hai r follicle (*), whereas receptor #2 runs parallel to 
tlie periphery. Focal and distal lack of the Schwann sheath (arrows) is seen. Although not shown in this picture, 
receptor #2 was attached to the follicle at the proximal end and represents the afferent limb (ci rcula r fiber) of the 
receptor. x 20,000. Insert A: cytoplasmic microfilaments of an axon. x 42,500. Insert B: neurotubules of an axon. x 
22,000. 
layer was observed (Fig. 5) . This dense layer is 
different from that of half-desmosomes. In favora-
bly cut sections an electron-lucid zone is apparent 
within the cytomembrane (Fig. 5) , whereas the 
dense layer of the ha lf-desmosomes is contiguous 
to the inner lamina of the plasma membrane (Fig. 
5). Desmosome-like thickenings are observed on 
the cytomembranes of the axon and its apposed 
Schwann cell. These are regularly present near the 
follicular (Fig. 5) and distal (Fig. 6) ends of the 
organ. The distal end of the axon is often not 
covered with Schwann sheath and is directly in 
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FIG. 5. High magnificat ion of the folli cular end of the axon (A) shows a dense layer (between white arrows) about 100 A thick which is separated from the cytomembrane. This end of the axon and Schwann cell (S) are connected to the basal lamina (B) with fin e filaments ~s is the basal surface of the external hair sheath cell. The latter forms half-des mosomes (d) and subbasa l dense plaques (thin arrows). Between the axon a nd Schwann cell a desmosome-like contact (D) is formed. Amorphous material surrounding the Schwann cell (hollow arrows) is irregular in thickness and different from the basal lam ina. *: half-desomosome-like density of Schwann cell membrane. M: mitochondria. x 95,000. 
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FIG. 6. Distal end of the receptor organ in which the axon (A) is not covered (*) with Schwann sheath is shown. 
Desmosome-like junctions (D) are formed between the axon and the Schwann cell. An admixture of amorphous and 
/ fi lamentous material surrounds the Schwann cell (arrows). x 62,500. 
contact with the admixture of amorphous and fine 
tfi lamentous material which envelops the entire 
organ (Figs. 3, 5, 6). This adm ixture is different 
from the basal lamina in that it contains a 
distinctly filamentous element and its th ickness is 
irregular (Figs. 3, 5, 6). Ne ither microvesicles, 
1sim
ilar to acetylcholine-conta ining synapt ic vesi-
cles, nor dense-cored granules, similar to nora -
f drenal in granules of chromaffin cells or Merkel 
I 
cells , are seen in the axons. 
The cytoplasm of the Schwann cells which 
encase the axons contain fewer mitochondria but 
numerous pinocytotic ves icles along their cyto-
membranes (Figs. 3, 4, 8). Half-desmosome-like 
dense areas are seen on the inner lamina of the 
Schwann cell cytomembranes (Figs. 3, 5, 7). Mi -
crotubules and fine fila ments are numerous (Figs. 
5, 6) . The encasement of the axon with a Schwann 
sheath is usually complete in the main body of 
typical receptor organs near the follicle. As men-
tioned above, the receptors are regularly and 
densely concentrated over some distance at the 
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FIG. 7. An axon without a Schwann sheath is seen in an 
atypical receptor. H : hair follicle*: Half-desmosome-
like density on Schwann cell membrane. m: small mi to-
chondria. x 20,000. 
level of t he sebaceous gland. Above or below this 
level, small, atypica l organs are present, some of 
which partially lac ked Schwann sheath (Fig. 7). 
The Schwann sheath is thin and sometimes not 
present in foca l areas related to the extension of 
the organ leavi ng from the follicl e (Fig. 4) . 
In most instances there is no spec ialization on 
the basal surface of the external hair sheat h ce ll 
and the receptor organ can attach to any part of 
the circumference of the cell periphery, including 
the area of the ce llula r junction (Fig. 8) . Half-
desmosomes are present in the contact areas as 
regularl y as in any other part of the basal cyto-
membrane (Fig. 5). Subbasal cell dense plaques [9] 
are normally present (Fig. 5). In some exceptional 
cases, invagination of the recepto r organ into the 
basal surface of the external sheath cell (Fig. 2) or 
direct contact of t he receptor organ with the 
externa l hair sheath cell without in terposition of 
the basal lamina (Fig. 9) is seen. Where direct 
contact takes place, the basal cytoplasm of the 
sheath cell shows a band -like condensation of fine 
filaments (Fig. 9). Neither intrafollicular axons nor 
Merkel cells are found in the contact area or in any 
other areas of the folli cular epithelium. 
DISCUSSION 
The major results of this study agree with those 
of previous authors [4-6). However, with better 
resolut ion at high magnification and improved 
specimen preparation techniques, the following 
new observations have been made. (1} The proxi-
mal or follicular end of the specialized axon has an 
electron-dense, subcytomembrane layer (Fig. 5). 
(2) Although rare, direct contact exists between 
the organ and the epithelial cells. (3) Although 
most of the axons terminate abruptly at the distal 
end of the organ, afferent axons can be t raced for 
some dis tance. ( 4) Specialized contacts similar to 
desmosomes a re present between the axon and the 
surrounding Schwann cell. (5} Schwann cells are 
not surrounded with basal lamina. (6) Some 
organs contain two typical axons of equal size. 
It is difficult to correlate these spindle-shaped 
endorgans with any of the other nerve endings 
which have been described in the light microscopic 
and histochemical literature (1- 3 ]. It is likely, 
however, t hat a cholinesterase-positive, perifol-
licular ring or dense band of "palisade nerve 
fibers" (Fig. 1) as demonstrated with methylene 
blue supravital staining at the level of the seba-
ceous gland [2, 3 ] corresponds to these spindle-
shaped endorgans. 
It is interesting that there are spaces free from 
collagen between these organs and that the long 
axis of the axo n is oriented perpendicularly to the 
periphery of the follicle . These receptors look like 
spokes of a cartwheel with the hair and its follicle 
as the hub. With such a structure even slight 
movemen t of the ha ir and the follicle would be 
magnified by stretching or shrinkage of the axon 
membranes. The free spaces between the organs 
permit maximum deformation of the axon mem-
brane and generation of membrane potent ials. The 
finding of afferent axons (Fig. 4) suggests that 
these organs may send afferen t fibers, although in 
most sections their distal ends terminate abrupt ly. 
In contrast to the specialized proximal end of 
the axon, which has a subcytomembrane dense 
layer, the epithelial surface in apposition to it 
across the basal lamina shows no specializa tion 
except for rare instances of direct contact. The 
facts that t he organ can attach even to the 
junctional area of the epi thelial cells and that 
there exist regular half-desmosomes and subbasal 
cell dense plaques in the contact areas attest to the 
nonspecialization on the follicular side. The ha ir 
follicle, therefore, seems to provide just mechani-
cal stimulation to the endorgan. Although the level 
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F1c. 8. Proximal end of the receptor composed of axon (A) and Schwann sheath (S) attaches at the junction area 
(arrow) of two external hair sheath cells (H). d: ha lf-desmosome. M: mitochondria. p: pinocytotic vesicle. x 87,500. 
of the follicle where the endorgans are cluste red is 
not affected significantly by the hair cycle, some 
changes are to be expected. If the epithelial cells at 
the contact area had a fine structural specializa-
tio n or allowed penetration of the axon, fluctuation 
of follicular dimensions during the ha ir cycle 
would hinder t he proper function of sensory organ. 
Such intraepithelial free nerve endings have been 
seen only in human skin associated with the 
Merkel cells [7, 8, 10). No such free end ings which 
have been described primarily in light microscopic 
studies [2) were seen in this study. 
Ordinary Schwann cell s of cutaneous nerves 
which are enveloped with a basal lamina do not 
produce a desmosome-like specialization of the 
cytomembrane with axons . The formation of des-
mosome-like junctions with axons and the ab-
sence of basal lamina in the ce lls tentatively called 
"Schwann cell s" are therefore unusual for typical 
Schwann cells. Since the axons of the endorgan are 
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FIG. 9. A receptor organ composed of axon (a) and Schwann cell (s) attaches directly to the external hair sheath 
cell (H). The contact in this area could have been tighter in vivo. Another area of direct contact is seen in the upper 
middle portion of this picture at a hollow arrow. The basal lamina is disrupted at the solid arrows. The contact area of 
the hair sheath cell has developed a band of condensed fine filaments (*). x 22,000. 
unmyelinated, the identification of these suppor-
tive cells is difficult. On the other hand, numerous 
pinocytotic vesicles and half-desmosome-like cy-
tomembrane densities along the cell periphery 
and, above all, inti mate contact with axon are 
features of Schwann cells. For the present, it may 
be best to call these cells modified Schwann cells 
of the receptor organ. 
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